The influence of the position of the heart on the form of the electrocardiogram has been known for close on halfa century. It was discussed by Waller (1913 and 1914) and more fully by Einthoven et al. (1913), but the bearing of this fact on the diagnosis of heart disease has not received much attention. The effects of deep inbreathing on the tracing are found to be common, especially in lead III, showing that this lead may deceive if studied without regard to the lie of the heart in the chest. It was decided to test the effect of deep inspiration on lead III, both in health and in patients with heart disease, and the results of such observations are here described.
9 cases. Thus, a Q III was shown to be without significance in 25 out of 69 cases, for it was not present in IIIR. Videla (1939 and 1942) in a careful study of this subject found that Q III became less deep in cases with a high diaphragm during inspiration which depressed the diaphragm. Lyle (1944) stated that in some cases without cardiac pain where there was no Q wave in the unipolar lead VF, and where presumably a Q in lead III was a positional effect, it could not be made to disappear by deep inbreathing; she concluded that its failure, to disappear was not incontrovertible proof of a coronary origin. In none of my healthy cases did a Q wave that was deep in III remain deep in IJIR, neither did a Q wave ever become exaggerated in IIIR, nor did a Q appear in IIIR if it had been absent in III.
The R wave. In each of the 11 cases where R was absent in IAI it appeared in IIIR. In the remaining 189 where R III was present, it became taller in IIIR in 137, remained unchanged in 47, and became less tall in 5; in one of these, the S wave became deeper at the same time.
The S wave. S III was absent in 90 and present in the remaining 110 cases. In the former group it remained absent in IIIR in all but two, and in these the heart was vertical. In the second group with S III present, it became less deep in 78 and in 34 of these it disappeared; it remained unchanged in 14 and in 18 it was deeper than in lead III.
The T wave. Norris and Massie (1947) said there was a tendency, in health, for inspiration to increase the positivity of all defiections, including the T wave. In my series T III was upright in 107, flat in 25, and inverted in 68 of the 200 cases. In the first group of 107 cases T was taller in IIIR in 91, and was unchanged in 16. In all of the second group of 25 cases the T in ILIR became upright. In the third group of 68 cases the inverted T in lead III became upright in IIIR in 42 and less inverted in 25 cases; in one woman six months' pregnant, the inverted T wave remained unchanged in IEIR (Fig. 2) .
The S-T segment. There was no change in the S-T segment in IIIR from that in III in 197 cases. In two of the remaining three cases it became raised in IIIR and in one of these it was slightly depressed in III. In only one subject did the S-T segment become depressed in IIIR and this was a man of 80 years of age who appeared to be a healthy subject but was subject to paroxysmal tachycardia.
Code of normalityfor lead IIIR. The foregoing analysis of the IIIR cardiogram has shown the common changes expected to take place in the tracing in health (Fig. 3) and has established what is the deviation from the normal pattern that tells of the presence of heart disease; such changes EFFECT OF DEEP INBREA THING ON LEAD HII affect the Q and T waves and the S-T segment; they are here described for each and deduced from the findings in this the control group of 200 healthy subjects.
A Q wave of 2 mm. or under in lead Ill may persist in IIIR in health, but a Q deeper than 2 mm. is never found in the healthy adult. Again, a Q in III never deepens in IIIR, nor appears in IIIR when absent in III.
An upright T wave in III never lessens in IIIR, while a flat or inverted T rises significantly in IIIR; rarely, failure of the T wave to rise may be met with in health if the diaphragm for any reason does not move downwards on inbreathing.
Depression of the S-T segment in IIIR is a change not met with in health, and in the meantime such changes should be accepted as evidence of heart disease if not due to digitalization. of coronary artery disease before obvious changes showed in the cardiogram habitually used in the investigation of such cases.
Thus, lead IIIR was examined in 200 patients, 60 of them with left and 10 with right ventricular preponderance, 20 with left and 20 with right bundle branch block, and 77 with cardiac infarction. The remaining 13 had chest pain and lead IIIR provided the only cardiographic abnormality that might indicate coronary artery disease, the presence of which was proved .by unequivocal evidence of cardiac infarction in other leads on previous or subsequent occasions.
LEFT VENTRICULAR PREPONDERANCE Two groups of patients were used to observe the behaviour of this lead in left ventricular preponderance, namely, those with hypertension (40 cases) and those with aortic valvular disease (20 cases).
In hypertension. Lead IIIR was examined in 40 patients with hypertension in whom there was left ventriciilar preponderance with depression of the T wave and of the S-T segment in leads I and CR7. It is known that this cardiographic pattern may often mask the changes that are the outcome ofcardiac infarction, and IIIR was specially examined for the contribution it might make to help such a diagnosis. It was for this reason that the 40 patients were divided into two groups-20 patients with hypertension and without cheslpain, and the other 20 with pain that subjectively was characteristically cardiac. These two groups will be considered separately. Hypertension without pain. Ther.e was depression of the S-T segment with lowering of the T wave in leads I and CR7 in every case, but in only two was there deep and sharp inversion of the T wave. The changes were always a little more noticeable in CR7 than in I. In only two was there inversion of the T in CR4 and in both this change was less than in CR7.
In three of the cases the limb leads showed changes expected in posterior cardiac infarction, and lead HIIR showed depression of the S-T segment and of the T wave in each of these. In five others such changes in IIIR (Fig. 6, 7, and 8) provided the only cardiographic abnormality that might be evidence of underlying (Fig. 7) .
Arrows indicate sites of great narrowing. coronary artery disease, and in two of these necropsy confirmed this; the other three patients are still alive. In the remaining 12, no signs in IIIR or any other lead were present to suggest the addition of coronary artery trouble to the existing hypertensive heart disease.
Hypertension with cardiac pain. There was depression of the S-T segment in leads I and CR7 in each of the 20 cases, together with a lowering of the T wave, which in 9 cases was in the form of a deep inversion; such deep inversion was commoner in this group, for only two of the patients without pain showed it. Again, the inversion of T in CR4 was commoner (9 against 2) in this group where pain was an added symptom, and in 8 of them the T inversion was greater in CR4 than in CR7. In -another 7, evidence of posterior infarction was present in the limb leads II and III.
In each of the 20 patients an abnormal Q wave (in five cases) and/or depression of the S-T segment and the T wave (in 18 cases) were present in lead IIIR (Fig. 9) , indicating the presence of coronary arterial disease, if not of cardiac infarction as well.
A comparison of the two groups of patients with hypertension has allotted an importance to lead IIIR as a means of detecting coronary arterial disease when the signs of it may be masked by the cardiographic pattern of left ventricular preponderance from hypertension. The findings suggest that lead IIIR may also help to estimate the prognosis in a patient with hypertensive heart disease. In the cardiographic diagnosis of cardiac infarction in the presence of hypertension it may be said, therefore, that such can be presumed if some or all of the following findings are present; changes in the limb leads characteristic of infarction; deep inversion of the T wave in the absence of a very tall R wave (Shillingford and Leatham, 1950) ; T inversion present in CR4 and in excess of that in CR7; depression of the S-T segment and T wave in IIIR.
In aortic valvular disease. In six cases a Q wave, less than 2 mm. in depth, was present in III and it always persisted in IUR. T III was upright in nine, flat in two, and inverted in nine. Of the nine with an upright T, it was lower in IIIR in five, and the S-T segment was depressed without such a change in the T in the other four. In the two instances of an upright or flat T in III it became in-K verted in IHIR (Fig. 10) while in the nine in whom the T was inverted in III the inversion was increased in IIIR in every instance.
It is not yet known for certain whether such changes indicate underlying coronary -arterial disease or whether they are the outcome of a shift of the hypertrophied muscular mass, but this latter explanation is more likely because changes in IIIR -may be the first cardiographic sign of aortic stenosis.
RIGHT VENTRICULAR PREPONDERANCE
Lead IIIR was examined in 10 patients with right heart hypertrophy either from pulmonary or from congenital heart disease; it showed no constant change in that the inverted T wave in lead III was sometimes unaltered in IIR, somnetimes n less inverted and at other times more inverted, and this last change was invariable in the presence of digitalization.
LEFT BUNDLE BRANCH BLOCK Lead IIIR was examined in 20 patients with left bundle branch block. Although it was not possible to name the cause of the block in all of themh, hypertension was present in four and eight had chest pain reminiscent of cardiac pain. Among the unimportant-changes in IIIR were a taller R wave and a shorter S than in lead III. The most noticeable change was a depression of the S-T segment, which took place in all save two cases; this S-T depression was not, however, associated with a lowering of T except in two patients with cardiac pain where an upright T wave was depressed in one and inverted in another, inferring the presence of coronary arterial disease and cardiac infarction. In nine patients, a Q wave, usually prominent, was present in lead III, but in seven of these its absence in IIIR proved it to be a false Q; in the other two, both of whom had cardiac pain, the Q persisted (Fig. 11) .
RIGHT BUNDLE BRANCH BLOCK
Lead IIIR was examined in 20 patients with right bundle branch block-8 with cardiac pain, 3 with auricular septal defect, 1 with pulmonary embolism, 1 with mitral stenosis, 1 with hypertension, and 6 without other evidence of heart disease. A common change in fIR was a lowering of the RI wave, and it was found in 12 out of 20 cases (Fig. 12) . When changes took place in T III, which was inverted in 17 cases, it usually became less inverted irrespective of the cause of the block; in two it actually became upright.
In two patients, both subject to cardiac pain, the S-T segment became depressed. In three of the eight with cardiac pain, a Q wave which had been absent in III developed in IIIR, and this provided the only sign of coronary arterial disease in these cases; in two others a Q wave of less than 2 mm. in lead III, persisted in IIIR, while in the remaining two, Q was absent in both leads III and IIIR. Among the 12 cases of right bundle branch block without cardiac pain a Q III was present in three and in each it was absent in IIIR.
CARDIAC INFARCTION Lead IIIR was next examined in 77 patients with cardiac infarction. In 20 of these T was inverted in leads I and CR4 placing the infarct anteriorly. In another 20, T was inverted in lead I and CR7 so that the infarct was disposed laterally, while in 37 patients the infarct was situated posteriorly and the T was inverted in lead III and often in lead II. The changes in IIIR will now be described for each of the three groups. In anterior cardiac infarction. In 20 patients where deformity of the T wave was confined to leads I and CR4, no significant change was found in IJIR. Naturally, the R wave often became taller and the S wave shorter in IIIR, but the S-T segment never showed depression and there was no lowering of the upright T wave. In other patients (not included in this series) wh*Fe the cardiographic signs of anterior infarction were uppermost, if depression of the S-T segment, and/or dh,e T wave occurred in IIIR, the T wave was also found to be low in CR7, showing that the infarction, although mostly in the front of the heart, was also extending laterally.
In lateral cardiac infarction. In 20 patients with inversion of T in leads I and CR7, the upright T III was invariably lower in IIIR and in one it became inverted. In 15 out of the 20 cases the S-T segment was depressed in addition to the lowered T wave (Fig. 13) . In posterior cardiac infarction. In 37 patients where cardiac infarction was posterior according to the limb leads, QIII was deep in 23, less than 2 mm. in five, and absent in nine. In the first group Q IIIR remained prominent and greater than 2 mm. in 20, and persisted, but less than 2 mm., in 3 cases; in the second group of 5 cases with a small Q III, it was absent in IIIR in three; in the third group of 9 cases the Q remained absent in IIIR. T in IIIR was not once raised significantly in the 37 patients in all of whom it had been inverted in lead III. The S-T segment was depressed in II-IR in eight cases and in two of these Q III had been less than 2 mm., while it was absent in the other six; the S-T segment was not depressed in IIIR in the 23 examples where Q III was greater than 2 mm.
The incidence of S-T depression in IJIR and of T inversion in CR7 showed that cases hitherto nominated as posterior cardiac infarction from inspection of limb leads belonged to one of two groups, the TIll T7 kind and the QTIIL kind.
Thus, in the TIll T7 kind (postero-lateral infarction) a significant Q was absent and T III was inverted, the S-T segment was depressed in ILIR, and this and the T wave were similarly deformed in CR7 (Fig. 14) . In the QTIII kind (postero-inferior infarction) a significant Q accompanied the T inversion in lead III; there was no depression of the S-T in IIIR although the T failed to rise, and neither the S-T segment nor the T wave were affected in CR7 (Figt. 15). If the S-T or T in CR7 in this group showed a deformity, lead I and/or CR4 showed a similar change, or sometimes the T was sharply inverted in lead II, and the infarction was not confined to the lateral and posterior aspects of the heart. Changes in lead IIIR as a lone sign of cardiac infarction. After determining the appearance of the IIIR cardiogram in health and the way it differed from lead III, and having discovered its pattern in several forils of heart disease, it was natural to test it in the diagnosis of coronary arterial disease when changes were absent in the customary limb and chest leads. Abnormal signs in IIIR were also sought in patients in whom the orthodox cardiogram produced only equivocal signs. Indeed,~~~~~~A group.bmj.com on June 24, 2017 -Published by http://heart.bmj.com/ Downloaded from it was in such cases that lead IIIR proved most useful, so that sometimes it showed depression of the S-T segment as the only abnormal cardiographic sign early in a patient's illness (Fig. 16) , and only later would it be joined by other and more obvious signs of cardiac infarction (Fig. 18) . Another time when the cardiogram might show recovery from an obvious deformity of the T wave in a patient with cardiac pain, changes in lead IIIR remained as the only evidence of myocardial damage (Fig. 17) . More common was the routine cardiogram where equivocal changes were present and where IIIR supported the suggestion that such changes indicated cardiac infarction. Variation in the pattern of lead III caused by a shift in the pogition of the heart from a change of body posture led to a study of the lead taken during deep inspiration in 200 healthy subjects and in the same number of p'atients with heart disease. Since respiration plays a part in the recording of this lead it has been named IIIR where R stands for respiration.
In no instance was the form of IIIR the same as III, giving proof of the unreliability of any lead that is built up in part from the electrical potential at the lower extremity. Among the common changes in IIIR in health were an, increase in the height of the P, R, and T waves and a shortening of the S wave, compared with that found in lead III.
It was possible from the examination of lead IIIR in the healthy series to describe for it a code of normality in the adult. Thus, a Q wave of 2 mm. or under in lead III may persist in IIIR, but a Q deeper than 2 mm. is never found in IIIR. Again, a Q in III never deepens in IIIR, nor appears in IIIR when absent in III. An upright T wave in III never lessens inL IIIR, while a flat or inverted T rises significantly as a rule in IIIR unless, as rarely happens, the heart is prevented from descending during deep inbreathing, or when it even moves upwards (paradoxical displacement) as in paralysis of the left dome of the diaphragm. Depression of the S-T segment in IIIR is not a change so far found in healthy subjects.
In left ventricular preponderance from hypertension a depression of the T wave and S-T segment was uncommon when cardiac pain was absent, but in those patients with pain such a change was invariable in IIIR; when this change took place in patients without pain it was regarded as evidence of added coronary arterial disease. In left ventricular preponderance from aortic stenosis depression of the S-T segment and/or of the T wave in IIIR was a constant finding and this change may be the earliest cardiographic evidence of aortic stenosis. 465 group.bmj.com on June 24, 2017 -Published by http://heart.bmj.com/ Downloaded from No constant pattern was found for IIIR in the cases of right heart preponderance examined.
In left bundle branch block depression of the raised S-T segment in III took place in IIIR, but without noticeable lowering of the T wave. A more significant change was the appearance of an R wave in IIIR which had often been absent in III, thereby showing that the Q wave had been deceptive; if no R wave appeared it confirmed a diagnosis of cardiac infarction.
In right bundle branch block a reduction in amplitude of RI was common while the T wave, usually inverted, became less so. Here again the value of IIIR was greatest when it proved the presence of a true Q greater than 2 mm. in lead III; or when a Q, absent in III, made its appeaTrance in IIIR, and in this event connoted the presence of coronary arterial disease.
Lead IIIR had its greatest use in the diagnosis of cardiac pain. In patients where the presence and site of cardiac infarction were told by the customary limb and chest leads, IIIR was found unchanged in anterior infarction, but the S-T segment and the T wave became depressed whenever the infarct was disposed laterally. Patients judged by the limb leads to have posterior infarctikn were placed in two groups in accordance with a cardiographic classification. In one (TIII T7 kind, postero-lateral infarction) inversion of T III was not associated with a significant Q wave, and thero was depression of the S-T segment and/or of the T wave in IIIR; similar changes also appeared in CR7. In the second (QTIII kind, postero-inferior infarction) a significant Q III was present in addition to Ti inversion, and here no changes took place in IIIR except that the inverted T failed to rise significantly.
In a number of patients lowering of the S-T segment and the T wave in IIIR provided the only cardiographic abnormality suggesting cardiac infarction, of which previous or subsequent tracings* gave proof. For this reason, lead IIIR should never be omitted from an electrocardiographic investigation of cardiac pain.
